Purpose: Previous studies found that treatment effects can change two behaviors, but not one. This study examined baseline transtheoretical model constructs as three alternative predictors (stage of change, effort, and severity) of singular action among participants with co-occurring health behavior risks.
incidence and prevalence of disease, disability, suffering, and preventable death. Finally, examining the clustering of multiple health risk factors can aid in the design of more effective intervention strategies, can potentially have a greater impact on public health than single behavior interventions, and represents an important future for preventive medicine. 14 Previous research examined four effects (treatment, stage of change, effort, and severity) that predicted change within, but not between behaviors. 15 Additionally, previous work on individuals with pairs of problem behaviors found that transtheoretical model (TTM) treatment effects produced strong effects in paired action (i.e., individuals who changed both behaviors in a pair) but minimal effects in singular action (i.e., individuals who changed only one behavior in a pair). 15 More specifically, treatment was able to change two behaviors (paired action), but not one behavior (singular action). The treatment group changed 2.5 times more behaviors via paired action for both positively and negatively linked behaviors, with those that were positively linked changing 5.5 times more than those that were negatively linked. Additionally, no differences were found in behaviors changed via singular action. 16 Previous research on population-based co-occurring behaviors revealed three additional effects (besides treatment) that predicted long-term behavior change: stage of change, effort, and severity effects. 17 Studies have also examined predictors of successful change in a set of multiple behaviors and analyzed the consistency of treatment, stage, effort, and severity effects on each behavior separately, rather than on the combination of behaviors. 18, 19 Surprisingly, treatment was found not to be predictive of singular action, but rather of paired action. The present study seeks to elucidate this unexpected phenomenon by examining other baseline variables that predict singular action, given that treatment was previously found not to be a predictor. Further, it seeks to explore the extent of the prediction within (e.g., smoking variables predicting smoking change) versus between behaviors (e.g., smoking variables predicting diet change).
The present study seeks to examine stage, severity, and effort effects as predictors of singular action for co-occurring health behavior risks. The TTM has been used to successfully intervene on numerous prevalent health risk behaviors. [20] [21] [22] TTM is a model of behavior change that is organized around five stages of change: precontemplation, contemplation, preparation, action, and maintenance. Forward stage progress can be predicted by three core constructs: decisional balance, selfefficacy (i.e., confidence, temptations), and processes of change. Decisional balance reflects an individual's contemplation of the importance of the pros and cons of change. 23 Selfefficacy describes the level of confidence that an individual has to change across a variety of challenging and tempting situations. 24 Temptations are good predictors of relapse, 24, 25 whereas processes of change encompass covert and overt techniques that individuals engage in to modify behaviors and to facilitate stage progress. 26 Stage effects are related to an individual's TTM stage of change, such that those in a later stage (e.g., preparation) at baseline are more likely to progress to action and maintenance at long-term follow-up than individuals in an earlier stage (e.g., precontemplation). An individual's stage of change serves as a predictor of successful maintenance of a changed behavior (e.g., smoking cessation). 27, 28 Effort effects (i.e., decisional balance, self-efficacy) demonstrate how well individuals are working to change their problem behaviors. 29 Previous studies found that individuals making better efforts on at least one TTM dynamic variable at baseline were likely to progress to a later stage at follow-up. 26, 30 Severity effects reflect the degree of the problem behavior (e.g., number of cigarettes smoked reflects severity of cigarette smoking addiction). 31 Further, a previous study found that for both addiction variables, significant differences were observed between treatment and control groups, such that those who reached action or maintenance at follow-up exhibited less severity at baseline. 17 Treatment effects were another common predictor of successful maintenance of behavior change, with those assigned to the treatment group at baseline being more likely to progress to a later stage of change. 15 Previous studies supported treatment effects for single target behaviors (i.e., targeting one behavior in an intervention). 22 However, recent research on individuals with pairs of problem behaviors (e.g., smoking and unhealthy diet) found strong treatment effects on paired action 32 (i.e., individuals changing both behaviors in a pair) but minimal effects on singular action 17 (i.e., individuals changing one behavior in a pair).
The present study builds on previous studies that have examined paired action (i.e., individuals changing both behaviors in a pair) 32 and coaction. 18, 19 Coaction is the extent to which change on one behavior (e.g., smoking) is associated with increased odds of change on a second behavior (e.g., sun exposure), such that success on one behavior increases the probability of success on another. Previous research examined coaction in adults with pairs of co-occurring baseline health risks, including smoking, diet, and sun exposure. 18 Although these behaviors are seemingly distinct, significant coaction was observed in the treatment group, but there was minimal to no coaction in the control group. Johnson et al. 19 examined coaction in energy balance behaviors in samples of high school students, middle school students, and adults, and found significant coaction in the treatment groups but minimal coaction in the control groups. Additionally, recent research examined the number of behaviors affected by treatment and treatment/control individuals who changed both behaviors in a pair (paired action) versus the individuals who changed only one of the behaviors in a pair (singular action). 16 Comparisons were made in individuals with pairs of behaviors that were positively linked, such as energy balance behaviors (observed change greater than predicted), and in individuals with negatively linked pairs of cancer prevention behaviors (observed rates less than predicted).
Spring et al. 33 revealed the need for population-based strategies for health behavior interventions, with designs that account for relationships between ''bundled'' behaviors. This review also emphasized the need for research that elucidates the optimal number of target behaviors, selection of target behaviors, and methods to achieve positive interactions across interventions. Previous research examined predictors of successful change in a set of multiple behaviors and analyzed the consistency of treatment, stage, effort, and severity effects on each behavior separately, rather than on the combination of behaviors. 18, 19 Therefore, the overarching objective of the present study was to examine stage, severity, and effort effects as predictors of singular action in treatment and control groups within and across co-occurring health behavior risks. Three dyads of co-occurring, negatively linked risks were analyzed: (1) smoking and sun exposure; (2) smoking and high-fat diet; and (3) diet and sun exposure. Specific aims of the study were to: (1) examine predictors of singular action as a paradigm of health behavior change; (2) foster understanding of the underlying mechanisms of multiple behavior change by examining commonalities of predictors related to successful singular action within and across several behaviors; and (3) examine the predictive power of stage of change, effort, and severity effects within and across co-occurring behaviors.
This study examined predictors of singular action rather than multiple behavior change (i.e., paired action) in order to advance our understanding of the mechanisms underlying multiple behavior change. Excluding individuals who changed both behaviors within a pair (paired action) and focusing only on those who have changed only one behavior in a pair (singular action) will advance our understanding of the intricacies involved in fostering multiple behavior change in populationbased interventions. Further, it will promote understanding of how those who change only one behavior in the context of multiple risk factors are expected to be different from those who change multiple behaviors. This may provide potential implications for the design of future multiple health behavior change interventions, as well as elucidate and inform the design of interventions for one target behavior. Therefore, individuals who changed neither or both behaviors in a risk pair (paired action) were eliminated from all of the analyses.
Previous research has underscored the value of stages of change in initiating and maintaining change. Therefore, we hypothesize that stage of change is the largest predictor of singular action, with those in action or maintenance being more likely to initiate change than those in preaction stages (precontemplation, contemplation, preparation). Further, more consistency is likely to be found within behaviors (e.g., smoking effort variables predicting change on smoking) than between behaviors in risk pairs (e.g., diet effort variables predicting change on sun). Finally, use of change variables for a target behavior (e.g., smoking) is more likely to produce change for that specific behavior (e.g., smoking) than for another risk behavior (e.g., diet).
Methods

Design
This secondary data analysis examined a TTM-tailored, stagematched intervention that assessed the effectiveness of school, worksite, medical, and home-based prevention programs intended for multiple cancer risk behavior reduction and designed to advance individuals through the five stages of change for various multiple health behavior risks. Such risks included sun exposure, high-fat diet, and cigarette smoking in each separate study. 14, 15 Therefore, the present study focuses analyses on three behavior risk dyads (sun and smoking; smoking and diet; and diet and sun).
Sample
Participants were U.S. adults recruited via telephone. They were screened for inclusion criteria, which was having at least one of the three health risk behaviors targeted for intervention. ''At-risk'' was defined as being in the precontemplation, contemplation, or preparation stage for at least one risk behavior. The sample consisted of 2460 parents of adolescents who participated in a school-based study, 20 1237 employees from a total of 22 worksites, and 5382 patients from a health insurance provider. 21 The interventions involved random assignment to the intervention or comparison condition. Both groups were administered follow-up assessments at 12 and 24 months. Treatment participants were mailed intervention materials for each of their at-risk behaviors, including a baseline feedback report and an integrated multiple risk behavior stage-matched self-help manual. 20 Most of the full sample (N ¼ 9079) was middle-aged (mean, 43.9 years; SD, 10.74 years), white (90.8%), and female (n ¼ 5938; 62.8%). Participants who changed both behaviors in an at-risk pair (paired action) and those who did not change any behaviors in a pair were excluded from analyses. Those who changed only one behavior (singular action) were included in analyses ( Figure 1 ). The final analytic sample (N ¼ 3213) was 44.6 years old (SD, 11.1 years), 94.6% white, and 63.7% female. All primary studies were approved by the Institutional Review Board.
Measures
Demographics. Baseline demographics assessed gender, age, race, marital status, and health status information, as well as stage of change variables for respective behaviors ( Table 1) .
Stages of Change.
Eligible participants were at baseline in one of the preaction stages of change (precontemplation, contemplation, or preparation) for each behavior within each behavior pair (smoking and sun; smoking and diet; and diet and sun). Classification of participants into precontemplation, contemplation, or preparation was conducted for diet, 34 smoking, 30 and sun. 35 Severity. Baseline severity was measured for each behavior separately. Number of cigarettes smoked per day and time until first cigarette were items from the Fagerstrom scale of severity of addiction to smoking. 31 Number of past quit attempts and longest quit attempts were also included as severity measures. Diet severity was measured by total score on healthy eating behaviors, with lower scores reflecting a less healthy diet. 34 Sun exposure severity was measured by seven items assessing protection used when exposed to the sun and amount of time spent in the sun, with lower scores reflecting riskier sun exposure. 35 Effort. Baseline effort was measured for each behavior separately. Smoking effort variables were pros of engaging in smoking, cons of engaging in smoking, positive/social temptations, negative/affective temptations, and habit strength (H/S) temptations. Sun protection effort variables were pros of engaging in sun protection, cons of engaging in sun protection, and confidence related to sun protection. Diet effort variables were pros of adopting a low-fat diet, cons of adopting a low-fat diet, positive/social temptations, negative/affective temptations, and difficult situations temptations.
Outcome Measures. Outcomes were determined for individuals who took singular action (e.g., changing just one behavior within a pair of at-risk behaviors) compared with those who did not, as well as individuals who took singular action on the other (e.g., diet) compared with those who did not. Changes in each behavior in a pair were an outcome to be predicted. Change within behaviors refers to outcomes in which effort effects predict change on their respective behaviors (e.g., smoking cons related to action on smoking; sun confidence related to action on sun). Change between behaviors refers to outcomes in which the effects predict action on different behaviors (e.g., diet severity related to action on sun; smoking effort related to action on diet).
Analyses
All data analyses were conducted using the Statistical Package for the Social Sciences, version 20.0 (SPSS 20.0, Chicago, Illinois). Each set of analyses was conducted with participants who were at risk at baseline for pairs of behaviors (sun and smoking; diet and smoking; and diet and sun). As an example, among those participants at risk for both sun and smoking, two dichotomous dependent variables were created for changing on sun only (yes/no) and changing on smoking only (yes/no). Two logistic regressions were run for this pair, including baseline stage of change for each behavior as the independent variables. Equivalent analyses were completed for each behavior pair for effort and severity. Participants who changed both (paired action) or neither behavior in a pair were omitted from analyses (Figure 1 ). Preliminary logistic regressions were conducted to examine stage of change, effort, and severity as predictors of singular action for each behavior within each behavior pair and were used to build the combined model ( Table 2) .
Only variables that were found to be significant in preliminary analyses were then selected for inclusion into combined logistic regression analyses to predict singular action. The following variables were included in this combined model: smoking, diet, and sun stages of change; smoking H/S temptations; smoking positive/social temptations; cigarettes per day; smoking quit attempts; sun pros; sun cons; sun self-efficacy; sun severity; diet pros; diet cons; diet negative/affective temptations; and diet severity. Using the aforementioned predictor variables found to be significant in preliminary analyses, a total of six logistic regressions (two for each of the three pairs of behaviors or six singular actions) were generated ( Table 2) .
Results
Baseline demographic and stage of change variables are presented in Table 1 . The results of the six combined regressions are presented in Table 2 and are described in detail in the upcoming text. 
At Risk for Smoking and Sun at Baseline
Stage of Change
Preliminary analyses demonstrated that 21 of 24 outcomes (87.5%) were predicted by the stage of change effect (p ¼ .0001), 7 (33.3%) of which were significant and were within behaviors. Of the three outcomes that were not predicted by the stage of change effect, all three (100%) were between behaviors, providing support for stage of change as a baseline predictor of singular action within behaviors, as well as between behaviors.
Effort
Preliminary analyses revealed that 29 of 52 outcomes (55.8%) were predicted by the effort effect (p ¼ .24), 12 of which were significant (41.4%). Of the 52 total outcomes, 16 (30.8%) were significant. Of the 23 outcomes not predicted by the effort effect, 15 (65.3%) were between behaviors, whereas only 8 (34.8%) were within behaviors.
Severity
Preliminary analyses revealed that 10 of 24 outcomes (41.7%) were predicted by the severity effect in (p ¼ .85), 6 of which were significant. Of the 24 total outcomes, 8 (33.3%) were significant. Interestingly, time until first cigarette and longest quit attempt were not related to predicted outcomes, perhaps suggesting that these two severity variables were least predictive of the four total smoking variables included in the analyses. Of the remaining six outcomes that were not predicted by the severity effect, all six (100%) were between behaviors.
Smoking and Sun
Among participants who were at risk for smoking and sun, eight of eight outcomes (100%) were predicted by the stage of change effect, with 37.5% of outcomes being significant. A total of 10 of 16 outcomes (62.5%) were predicted by the effort effect in preliminary analyses, with 40% being significant. A total of 4 of 10 outcomes (40%) were predicted by the severity effect, with 50% of outcomes being significant. Among the significant baseline predictors of singular action identified in preliminary analyses, smoking stage of change, smoking severity (number of cigarettes per day), sun stage of change, sun effort (pros), and sun confidence were the best predictors of singular action among those at risk for smoking and sun.
Smoking and Diet
Among participants who were at risk for both smoking and diet, seven of eight outcomes were predicted by the stage of change effect in preliminary analyses, with 28.6% of outcomes being significant. Of 20 outcomes, 12 (60%) were predicted by the effort effect, with 16.7% being significant. Of 10 outcomes, 4 (40%) were predicted by the severity effect, with 50% of outcomes being significant.
Diet and Sun
Among participants who were at risk for diet and sun, six of eight outcomes were predicted by the stage of change effect in preliminary analyses, with 33.3% of outcomes being significant. Of 16 outcomes, 7 (43.8%) were predicted by the effort effect, with 85.7% being significant. Two of four outcomes (50%) were predicted by the severity effect in preliminary analyses, with 100% of outcomes being significant. Sun effort (pros) was a significant predictor of change on diet.
Of the 30 significant predictors identified in preliminary analyses that were entered, 19 remained significant in the combined model ( Table 2 ). Of the total 30 predictors in the combined model, four were ''between'' behaviors (four singular actions). More specifically, baseline smoking H/S temptations, sun pros, sun cons, and sun severity predicted singular action on diet at 24 months.
Discussion
The results demonstrated greater consistency among predictors of health behavior change within the three health behaviors than between behaviors by final follow-up at 24 months. Specifically, there was support for stage of change, effort, and severity effects for sun, diet, and smoking. Although the ORs were not large, they provide compelling evidence for the factors that underlie singular action among those with multiple health behavior risks. Further, the present study revealed that those who are ready to change on one behavior (e.g., diet) are not necessarily more likely to change another behavior (e.g., sun), despite earlier research revealing coaction and paired action. Therefore, stage of change, effort, and severity may be mitigating differences between singular action and coaction findings. Stages of change effects demonstrated the greatest consistency and significance. Effort effects demonstrated less consistency but more significance, whereas severity demonstrated the least consistency among the three effects.
Across three health behaviors, findings were that stage of change, severity, and effort effects were related to behavior change among participants with multiple health behavior risks. Preliminary analyses suggested that the effects were more consistent within behaviors (e.g., smoking variables led to change on smoking) than they were between behaviors (e.g., smoking variables led to change on diet). More specifically, minimal crossover was observed between smoking and diet, diverging from previous work that found change on smoking to be related to change on diet. 16, 18 Given the present study's focus on singular action, perhaps more cross-behavior effects would be prevalent for individuals who changed both behaviors in a pair (paired action). However, particular stage, effort, and severity variables were influential between behaviors, such that the sole use of certain change constructs (e.g., sun pros) for one behavior (without change on the behavior) was related to change on another behavior (diet). For example, within the diet and sun pair, recognition of the pros of sun protection was related to change on diet. Perhaps effort or readiness to change on one behavior (e.g., sun) may facilitate change on another behavior (e.g., diet), suggesting common pathways and mechanisms to changing different behaviors. Preliminary analyses also revealed a lack of strong, significant effects between behaviors, with the exception of consistency for stages of change.
Smoking and Diet
Interestingly, among participants who were at risk for smoking and diet, smoking effort (H/S temptations) was a significant predictor of change on diet at 24 months. Among the significant baseline predictors of singular action identified in preliminary analyses, smoking stage of change, positive/social temptations, and smoking severity (number of cigarettes per day and number of past quit attempts) were the best predictors of singular action among those at risk for smoking and diet.
Diet and Sun
Among the significant baseline predictors of singular action identified in preliminary analyses, diet stage of change, diet severity, sun severity, sun stage of change, sun effort (pros and cons), sun confidence, and sun severity were the best predictors of singular action among those at risk for diet and sun.
The present study responds to previous studies that suggested the need for studies on the optimization of multiple behavior change studies at the individual and population level. 19 However, it diverges from previous work that revealed that changing one behavior can influence another, such that it can potentially influence another behavior negatively (e.g., smoking cessation increases food rewards, leading to weight gain). 19 More specifically, the present study found smoking effort (H/S temptations) to be influential in changing diet among those who were at risk for both smoking and diet but only changed on diet.
Limitations include homogeneity of sample, use of only one type of treatment (printed TTM-tailored interventions), as well as varying criteria for included health risk behaviors (smoking, sun, and diet). Future studies can include more diverse samples to generalize these findings and to further suggest implications for population-based interventions. Additionally, future studies may examine alternative clusters of health behavior risks, including energy balance behaviors (i.e., physical inactivity and emotional eating).
Researchers may also seek to examine diet and sun exposure in the context of ''appearance concerns,'' given the present study's findings that these two behaviors were linked ( Table 2) .
Previous research identified treatment to be related to paired action but not singular action, calling for the examination of stage of change, effort, and severity as alternative predictors of singular action. Perhaps the connections between the variables of interest (e.g., stage of change, effort) to participant change may be an artifact of the interventions that occurred for singular action. However, the present study does not offer direct comparisons of singular action and paired action predictors, a potential limitation to the study. Future studies may compare predictors of singular action, paired action, coaction, and no action to further elucidate distinguishing variables.
A more global limitation is the challenge that faces multiple behavior change. For example, several health behavior scientists expressed that it is difficult enough for patients to engage in individual behavior change, let alone multiple behavior change. Specifically, individuals' self-efficacies may be compromised because they would be overwhelmed. 36 This limitation clearly presents challenges for developing interventions for simultaneous behavior change.
Strengths of the study include extensive data analysis and strong theoretical underpinnings (TTM) that have been previously applied to a variety of health behaviors, including smoking, 30 sun, 35 and diet. 34 These findings emphasize the value of stage of change as a predictor of change within co-occurring health risks. Additionally, they suggest that problem severity (e.g., number of cigarettes smoked per day) is not as predictive as readiness or efforts to change. These findings may be used to help researchers and clinicians in the design of multiple health behavior interventions and to guide scientists and practitioners toward enhancing population-based health. Given that some intervention participants may only change one behavior, researchers and clinicians may seek to design interventions in a sequential fashion, so that enhanced efforts are made to target individuals who have changed only one behavior in the context of multiple risk factors.
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SO WHAT? Implications for Heath Promotion Practitioners and Researchers
What is already known on this topic? Dynamic variables, including stage of change, severity, and effort, are more predictive of health behavior change than static variables, such as demographics. Previous research has suggested that stage of change is a valuable predictor of health behavior change initiation and maintenance across a variety of problem behaviors.
What does this article add?
This article contributes further support for stage of change as a change variable with high predictive value. Additionally, this research uses a large sample size and predictive statistical analyses in order to examine the predictive magnitude and ordering of change effort variables. This study also found ''linkages'' between specific co-occurring behaviors, including diet and sun, such that baseline use of sun effort variables predicted change on diet at final follow-up.
What are the implications for health promotion practice or research?
The severity of problem health behaviors remains least important in facilitating change, compared with readiness and effort to change. Given that readiness to change remains more predictive than health risk severity and effort to change, psychoeducation and other engagement strategies may be valuable tools in population-based intervention engagement.
